Man's activity has a tremendous impact on the environment. Often a single goal in land treatment results in many subtle effects that are not readily discernible until some time later, sometimes with disastrous consequences. Soil ripping, for instance, a form of deep plowing to break up soil, effectively reduces surface runoff and erosion from semi-arid watersheds (Hickey and Dortignac, 1964) . But what is the effect of this treatment on the vegetation growing on treated areas? The effect of soil ripping on the vegetation of one large area was investigated over a period of 15 years.
Study Site and Methods
The San Luis Watersheds on the Rio Puerto drainage are located 58 miles northwest of Albuquerque, New Mexico, in the transition zone between woodland and semi-desert grassland. The area is comprised of mesas or uplands, steep rocky breaks, and alluvial grasslands.
Watershed II, the test area, is 471 acres; Watershed I, left untreated for comparison, is 555 acres. On both of these watersheds, the headwaters originate on mesas that break off into steep, rocky slopes. These breaks give way to rolling foothills that merge with the alluvial bottoms. A layer of Mesa Verde sandstone overlies Mancos shale. The sandstone breaks and underlying shales form the parent soil material, the texture of which varies from sandy loams to silty clays. The area, which ranges in elevation from 6,000 to 7,000 feet, is typical of the larger semi-arid area in northwestern New Mexico.
The principal perennial grasses on the watersheds are alkali sacaton (Sporobolus airoides Torr.), galleta (Hilaria jamesii (Torr.) Benth.), and blue grama (Bouteloua gracilis (H.B.K.) Lag. sagebrush (Artemisia tridentata Nutt.) are the most common shrubs. Some pinyon pine (Pinus edulis Engelm.) and juniper (Juniperus spp.) trees and cholla cactus (Opuntia spp.)
are scattered over the area. Grazing on the area has been over-winter only (NovemberApril) since 1958. Numbers are adjusted to achieve 55% utilization of alkali sacaton (Aldon and Garcia, 1967) .
Average annual precipitation is close to 10 inches. Average growing-season precipitation (May l-November 1) is around 6 inches. High-intensity convective thunderstorms characterize the summer storm period (July and August).
The S and S Soil Saver-3 (Fig. 1 ) was used to rip the alluvial bottoms and other workable areas (slopes less than 5%) in the spring of 1963 on Watershed II. The ripper was drawn on the contour by a large crawler-type tractor. The ripper has two chisels about 7 feet apart, with conical augers mounted behind each chisel. The augers revolve as they are pulled through the soil. This action cuts a 4-inch vertical rip approximately 28 inches deep, with a channel about a foot in diameter near the bottom of the rip. As the machine advances, two vertical triangular plates form small terraces about 4 inches high on each side of the rips.
Herbage production of the principal grasses was determined by a weight-estimate (Pechanec and Pickford, 1937) and double-sampling technique (Wilm et al., 1944) . Measurements have been taken on 75 permanent 9.6-f@ plots randomly located on each watershed each fall after growth of forage has stopped since 1955.
The loop transect method (Parker, 1951) was used as an index to changes in ground cover due to treatment. Twentyfive clusters of three lOO-ft transects were randomly distributed over the watersheds. "Hits" of perennial vegetation, bare soil, litter, and rock within a %-inch loop placed at l-foot intervals along the lOO-foot transects were recorded. Perennial vegetation must have the root crown, or a portion thereof, within the loop to constitute a "hit."
Summer runoff was collected and measured behind earthen dams.
Results
The soil ripping treatment effectively stopped runoff on the treated watershed. The treatment effectiveness has been diminishing gradually, as expected, since the third year (Aldon, 1966) .
Ground cover has been improving on the area since grazing management was started (Aldon and Garcia, 1967) . Alkali sacaton and galleta occur about the same number of times on the watershed, with galleta occasionally showing one or two more hits. In 1963, ripping caused a temporary 28% decline in perennial grass cover. This decline was about equal for each of the three principal species.
Total forage production has also been improving on the areas since grazing management was started (Aldon and Garcia, 1967) in spite of variable precipitation (Table 1) . When the percent contribution of each species to total forage production is graphed, a marked response to the ripping treatment is apparent (Fig. 2) galleta provided over half of the total forage production. Untreated Watershed I shows about this same relationship.
Since Watershed II was treated, alkali sacaton has produced over half of the forage (Fig. 2) . The trend since treatment, however, is to revert back gradually to the original relationship.
Blue grama has contributed about 10 percent of the total forage throughout the 15 years of study.
Discussion
Individual alkali sacaton plants are now producing more forage as a result of treatment.
The Table 1 . Growingeason precipitation (inches) for Watershed II (ripped in 1963) and production of principal grasses (lb./acre, air dry) on Watersheds I and II.
